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device. The steering lock device includes an electrically 
operated actuator for operating the steering lock device 
between locking and unlocking positions. The system per- 
forms theft-preventive operation by disabling door lock and 
unlocking operation when the transmitter exists in themside 
of the vehicle compartment. The system also performs 


steering iuwumu — => -i — 

predetermined vehicle operation, such as closing of the 
vehicular doors. A predetermined steering lock condition is 
checked as triggered the steering locking and unlocking 
operation. Steering locking and unlocking operation is 
carried out when the operation is triggered and the steering 
lock condition is satisfied. 
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KEYLESS ENTRY SYSTEM FOR AUTOMOTIVE DEVICES WITH COMPACT, 
PORTABLE WIRELESS CODE TRANSMITTER, AND FEATURE FOR 
PREVENTING USERS FROM LOCKING TRANSMITTER IN VEHICLE 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a 
keyless entry system for operating automotive vehicle 
devices such as door locks, a trunk lid lock, a glove box 
lid lock, a steering column lock and/or a starter motor, 
without using any mechanical keys, such as ignition key. 
More specifically, the invention relates to a keyless 
entry system which includes a compact, pocket-portable 
wireless code transmitter of a size comparable to a 
creditcard, and a feature for preventing the transmitter 
from being locked in the vehicle. 

Conventionally, automotive door locks, trunk 
lid locks, glove box lid locks, steering lock devices and 
so forth have been operated by means of ignition or other 
mechanical keys. Recently, so-called "Keyless Entry 
Systems", which do not require keys to operate door 
locks, trunk locks, vehicle window regulators and so 
forth, have been developed. 'In such keyless entry 
systems, a keyboard is provided on the external surface 
of the vehicle body to allow entry of a preset code 
authorizing access to one of more desired vehicle 
devices. The designated vehicle devices are electrically 
operated when the entered code matches a preset code. 

U. S. Patent 4,05,325, to Haygood et al, 
discloses a keyless entry system for an automotive 
vehicle permitting a plurality of operations to be 
achieved from outside of the vehicle by one who is 
knowledgeable of preset digital codes. Functions such as 
unlocking the vehicle doors, opening the trunk lid, 
opening windows, operating the sun-roof or programming 
the system with a user-preferred digital access code can 
all be performed by proper sequential operation of a 
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digital keyboard mounted on the outside of the vehicle. 

This and other conventional keyless entry 
systems require the user to accurately input the preset 
code through the keyboard. Although such keyless entry 
systems have been well developed and considered useful 
for eliminating the need for mechanical keys, a serious 
problem may occur when the user of the vehicle forgets 
the preset code. If the user is outside of the vehicle 
and the vehicle door lock device is holding the door 
locked, the user cannot unlock the door lock until he 
remembers the preset code. 

in order to resolve this defect in the prior 
art and allow convenient use of the keyless entry system, 
there has been proposed a new approach in which a pocket- 
portable wireless transmitter, of a size comparable to a 
creditcard and thus capable of being carried in clothing 
pockets, is used to identify users authorized to operate 
vehicle devices. This new keyless entry system has been 
disclosed in the Published Japanese Patent Application 
(Tokkai) Showa 59-24075, published on February 7, 1984, 
(Japanese Patent Application No. 57-132118, filed on 
July 30, 1972). in the disclosed system, door locks, a 
trunk lid lock and so forth can be operated with a single 
push-button action. The wireless transmitter always 
becomes active in response to operation or depression of 
any one of the push buttons to operate to desired vehicle 
device. This means that whoever possesses the 
transmitter has full access to the vehicle and that 
whenever the transmitter is near enough to the vehicle, 
keyless entry is possible for any one at all. As a 
result, if the user should lock the transmitter in the 
vehicle and leave the vehicle, anyone would be able to 
unlock the door, turn on the starter motor and steal the 
vehicle. in addition, it would be highly likely for 
items stored in the trunk and/or glove box to be stolen 
when transmitter is left in the vehicle. 
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In the prior system, it is still require at 
least one stroke of push button operation for operating 
each vehicle device. For instance, each one stroke of 
push button operation is required for performing door 
locking, unlocking, steering locking or unlocking and so 
forth. To the contrary to this, the conventional 
mechanical key system allows automatic lock of steering 
by releasing the ignition key from the key cylinder. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present 
invention is to provide a keyless entry system which 
facilitates automatic locking of steering when a 
predetermined steering lock condition is satisfied. 

Another object of the invention is to provide a 
keyless entry system to operate vehicle devices including 
steering lock mechanismk without using any mechanical 
key. 

In order to accomplish the above-mentioned and 
other objects, a keyless entry system, is associated with 
a steering lock device. The steering lock device 
includes an electrically operated actuator for operating 
the steering lock device between locking and unlocking 
positions. Steering locking and unlocking operation is 
triggered by a predetermined vehicle operation, such as 
closing of the vehicular doors. A predetermined steering 
lock condition is checked as triggered the steering 
locking and unlocking operation. Steering locking and 
unlocking operation is carried out when the operation is 
triggered and the steering lock condition is satisfied. 

According to one aspect of the invention, a 
keyless entry system for an automotive vehicle for 
operating various vehicle devices including a door lock 
and a steering lock, comprises a portable wireless 
transmitter adapted to transmit a unique code indicative 
signal encoded to carry a preset unique code stored in 
the transmitter, actuators, each associated with 
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corresponding vehicle devices for operating the latter to 
desired state, the actuator including a steering lock 
actuator associated with the steering lock for operating 
the latter between a locking state and an unlocking 
state, manual switches, each adapted to trigger the 
controller for signalling the keyless entry system to 
operate a corresponding one of the vehicle devices, a 
first detector for detecting door close position for 
outputting a first detector signal, a second detector 
adapted to detect a predetermined steering lock condition 
to output a second detector signal when the steering lock 
condition is detected, and a controller mounted on the 
vehicle and adapted to transmit a demand signal for 
triggering the transmitter and receiving the unique code 
indicative signal, comparing the received unique code 
with a second preset code, and producing a control signal 
a control signal only when the received unique code 
matches the second preset code, the controller is 
responsive to the first and second detector signal to 
transmit the control signal to the steering lock actuator 
for performing steering locking and unlocking operation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more 
fully from the detailed description given herebelow and 
from the accompanying drawings of the preferred 
embodiment of the present invention, which, however, 
should not be taken to limit the invention to the 
specific embodiment but are for explanation and 
understanding only. 

In the drawings: 

Fig. 1 is a perspective view of a vehicle to 
which a preferred embodiment of a keyless entry system in 
accordance with the present invention is applied; 

Fig. 2 is a block diagram showing the general 
circuit arrangement of the preferred embodiment of the 
keyless entry system according to the invention; 
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Fig. 3 is a schematic circuit diagram of a 
transmitter in the preferred embodiment of keyless entry 

system of Fig. 2; 

Fig. 4 is a schematic circuit diagram of a 
controller in the preferred embodiment of the keyless 

entry system of Fig. 2; 

Fig. 5 is a block diagram showing details of a 

microprocessor in the controller of Fig. 4; 

Fig. 6 is a perspective view showing a loop 
antenna mounted on the external surface of the vehicle 
body near a door lock; 

Fig. 7 is a perspective view of a vehicle 
showing loop antennas mounted on seat backs of front 
s eats * 

Fig. 8 is a rear view of a vehicle showing loop 
antennas mounted on a rear windshield near a trunk lid 

l0ck; • 1 u 

Fig. 9 is a cross-section of a steering lock 
device employed in the preferred .embodiment bf the 
keyless entry system according to the invention; 

Fig. 10 is a plan view of the steering lock 

device of Fig. 9; 

Fig. 11 is a side elevation of a locking rod in 

the steering lock device of Fig. 9; 

Figs. 12A to 12C respectively show 
relationship of the locking rod of Fig. 11 and a rotor, 
in various operations positions; 

Fig. 13 is a section taken along line XIII-XIII 

of Fig. 9; 

Fig. 14 is an explanatory illustration showing 
a steering lock detector in the keyless entry system; 

Fig. 15 is a flowchart of a program executed by 
a microprocessor in the transmitter of Fig. 3; 

Fig. 16 is a flowchart of a main program to be 
executed by the microprocessor of the controller of Figs. 
4 and 5; 
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Fig. 17 is a flowchart of a first sub-routine 

of the main program of Fig. 16; 

Fig. 18 is a flowchart of a secona sub-routine 

of the main program of Fig. 16; 

Fig. 19 is a flowchart of a third sub-routine 

of the main program of Fig. 15; 

Figs. 20 ana 21 are flowchart of a fourth sub- 
routine of the main program of Fig. 16; 

Fig. 22 is a flowchart of a fifth sub-routine 

of the main program of Fig. 16; 

Fig. 23 is a flowchart of a sixth sub-routine 

of the main program of Fig. 15; 

Fig.' 24 is a flowchart of an interrupt program 
executea by interrupting execution of the main program 
ana/or subroutines of Figs. 16 to 21. 
DESCRIPTION OF THE PRE FERRED EMBODIMENT 

Referring now to the drawings, Figs. 1 and 2 
show the general structure of the preferrea emboaiment of 
a keyless entry system accoraing to the present 
invention. As shown in Fig. 1, the preferrea emboaiment 
of the keyless entry system of the present invention 
generally comprises a compact wireless transmitter 100 
which is comparable in size with common bank or 
creaitcaras ana so can be easily carriea in a clothing 
pocket, ana a controller 200 mountea on a vehicle. The 
controller 200 is connectea with push-button-type manual 
switches 202 mountea on the outer surface of the vehicle 
boay. The manual switches 202 are each locatea near the 
corresponding vehicle devices 300. In order to 
facilitate keyless operation, each of the vehicle devices 
is associated with corresponding actuator 302. In the 
shown embodiment, the keyless entry system is designed 
to operate a door lock and a trunk lid lock. Therefore, 
the manual switch 202-D for the door lock is mountea on 
the vehicle door 406. On the other hand, the manual 
switch 202-T for the trunk lid lock is mounted on the 
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trunk lia 410 or at an appropriate location near the 

trunk lid lock. 

The shown embodiment of the keyless entry 
system is designed to automatically operate a steering 
locking mechanism which will be described later. The 
steering locking mechanism includes a steering lock 

actuator 302a. 

The transmitter 100 has a thin r rectangular 
casing 101 on which a loop antenna 102 is provided. A 
loop antenna 206-D is mounted near enough the manual 
switch 202-D for the user to be able to depress the 
manual switch 202-D shile holding the transmitter 100 
within broadcast range of the loop antenna 206-D. 

The fundamental idea of the present invention 
will be discussed with reference to Pig. 2. The manual 
switch 202 serves to request operation of the vehicle 
device 300. The controller 200 is responsive to 
depression of the manual switch 202 to produce a radio 
signal at a specific frequency which will be hereafter 
referred to as "demand signal". A demand signal 
generator 204 in the controller produces the demand 
signal in response to depression of the manual switch 
202. The demand signal is transmitted by a transmitter 
antenna 206. The transmitter antenna 206 may be mounted 
on the external surface of the vehicle body near the 
vehicle device 300 to be operated. For example, if the 
vehicle device 300 to be operated were the left-front 
door lock, the transmitter antenna 206 might then be 
mounted on the window pane of the left-front door or on a 
mirror mounted on the left-front door. In practice, the 
transmitter antenna 206 will be a loop-antenna printed on 
the chosen area of the vehicle. 

The transmitter 100 also has a transmitter/ 
receiver antenna 102 which may be a loop-antenna printed 
on the outer surface of a transmitter casing. The 
antenna 102 is connected to a receiver circuit 104 of 
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connected to a unique y f a unique 

ge nerates a radio signal The radio 

combination of several digits in bina y 

generator 106 is transmitted by the antenna 102. 
9 A receiver 208 with a receiver antenna 210 is 

in the controller to receive the unique code 
provided m the co reC eiver antenna 

sianal from the transmitter 100. me 

y * external surface or tne 

5 210 is also mounted on the external 

hicle body near the transmitter antenna 206. 
vehicle -body n generator 

L^sZ to the demand signal to be activated 
, time In other words, the 

for a predetermined period of time, in o 
» receiver 208 is active for the predetermined period of 
. ime after the demand signal is transmitted. Signals 
within the predetermined period of time are 
onv rted into binary code signals indicate, . of any and 
II! digits encoded in the signal as they would he in the 
H Letter 100. The receiver 208 sends the »nver e 

binary code signal to a comparator circuit 212. The 
Toarato? circuit 212 includes a memory 214 storm, a 
Tese cod which matches the unigue code of the 
preset uuu „4 rf ,„it 212 compares the 

transmitter 100. The comparator circuit ziz com P 
transmitter receiver 208 with the preset 

30 binary-coded digits from the receiver 

, „ « , high— level comparator signal when the 
„ n j p an d produces a HUati xevcx r 

f ,«h A controller 216including a driver signal 
codes match -» H1GH -level curator 

hy'Tcomparator circuit 212 to produce 
signal pr actU ator 302 in the vehicle 

35 a driver signal for an actual 


device. 
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In the shown embodiment, the controller 216 is 
adapted to detect a vehicle condition satisfying a 
predetermined steering lock condition. In the preferred 
embodiment, keyless steering lock operation is performed 
when the vehicle is stopping, engine is stopping and the 
unique code matching speed sensor 215a and an engine stop 
condition detector 215b. The vehicle speed sensor 215a 
produces a vehicle speed indicative signal. On the other 
hand, the engine stop condition detector is detective of 
engine stopping to produce an engine stopping state 
indicative signal. The controller 216is also connected 
to a steering lock detector 215c which produces a 
steering locking condition indicative signal. 

In cases where . the keyless entry system is 
adapted to operate more than one vehicle device, the 
controller 216 is also connected to the manual switches 
202 so as to be able to operate the corresponding vehicle 
devices. The controller 216 recognizes which of the 
manual switches 202 is operated and sends a driver signal 
to the actuator of the corresponding vehicle device. 

In the aforementioned arrangement, the 
transmitter 100 uses a small, long-life battery 108 as a 
power source. In practice, a mercury battery or its 
equivalent could be used in the transmitter. On the 
other hand, the controller 216 uses a vehicle battery 218 
as a power source. The aforementioned keyless entry 
system according to the present invention achieves 
conservation of battery power by being operative only 
when the manual switch is operated. It would be 
convenient to provide a weak battery alarm in the system. 
A suitable weak battery-alarm feature for a keyless entry 
system has been disclosed in the co-pending U. S. Patent 
Application Serial No. 651,783 filed on September 18, 
1984, commonly assigned to the assignee of the present 
invention. The disclosure of this co-pending. U. S. 
Patent Application is hereby incorporated by reference 
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for the sake of disclosure. 

The receiver 208 is also connected to a signal 
detector 280 which detects reception of the unique code 
signal from the transmitter 100. The signal detector 280 
sends a detector signal to a disabling circuit 282 as 
long as the presence of the unique code signal is 
detected. The disabling circuit 282 is also connected to 
a door closure detector 229 and a door lock detecting 
switch 236. The disabling circuit 282 incorporates a 
timer 284 for measuring elapsed time from operation or 
depression of the one of the manual switches 202-D or 
202-T. The disabling circuit 282 responds to the 
presence of the detector signal after a predetermined 
period of time, given that all of the doors are closed 
75 and locked as indicated by the door closure detector and 
the door lock detecting switch, to produce a disabling 
signal. The disabling signal disables production of the 
driver signal by the driver signal generator 216. On the 
other hand, while the driver signal generator 216 is 
20 disabled-, the disabling circuit 282 is responsive to 
opening of one of the doors to stop the disabling signal 
and resume keyless entry operation. 

In summary, locking the transmitter is 
recognized to be locked in the vehicle when all of the 
25 doors are closed and locked and the unique code signal 
from the transmitter is received continuously for a 
period longer than a preset period of time. The preset 
period of time is determined empirically such that the 
period is long enough for the user to move out of 
30 transmission range but short enough that the user will 
still be able to hear the alarm indicating that the 
transmitter is about to be left in the vehicle. In order 
to enable the user to unlock the door in order to remove 
the transmitter from the vehicle, the system remains 
35 operative for a few minutes, which should be long enough 
for the user to return to the vehicle and to operate the 
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manual switch for the door lock. If the user fails to 
notice the alarm and therefore does not operate the 
keyless entry system to unlock the door and remove the 
transmitter from the vehicle, the keyless entry system is 
tendered inoperative after those few minutes to inhibit 
keyless entry operation until the door .is unlocked by 
means of a mechanical key. 

This satisfactorily and successfully prevents 
the vehicle from being stolen by simple operation of the 
manual switch while the transmitter is in the vehicle. 

The .present invention will be described in more 
detail in terms of the preferred embodiment of the 
invention with reference to Figs. 2 to 4. 

As shown in Figs. 2 and 3, as in the controller 
200, the transmitter 100 is provided with a pair of loop 
antennas 102-R and 102-T which are printed on, the outer 
surface of the transmitter casing (not shown). The 
antenna 102-R is connected to the receiver circuit 104 
and serves as a receiver antenna. On the other- hand, the 
antenna 102-T is connected to the unique signal generator 
106 and serves as a transmitter antenna. A capacitor 110 
is connected in parallel with the receiver antenna 102-R 
to form a passive antenna circuit 112. The antenna 
circuit 112 captures by electromagnetic induction the 
demand signal from the controller 200 produced in 
response to depression of one of the manual switches 202. 

The antenna circuit 112 is connected to a 
microprocessor 114 via an analog switch 116, a detector 
circuit 118 and an amplifier 120. A negative power 
supply circuit 122 is inserted between an output terminal 
of the microprocessor 114 and the amplifier 120 to invert 
a 0 or +3V binary pulse output from the microprocessor 
into a 0 to -3V input to the amplifier. This negative 
power is supplied to the amplifier to adjust the bias 
point of the amplifier to 0V. 

The microprocessor 114 is connected to a memory 
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124 storing the preset unique code. In practice, the 
1 es four p.edetenuined, four-bit, BCD aigi s 

memory pre -masked with the preset 

Advantageous to ose a circuit in the form of a printed 
Tircuit board including circuit elements correspond^ 
to eac n bit. «hea the olrcuit element is connected, it 
: Native of "1" and when the circuit — * » 
« disconnected, it is indicative of -0-. By thrs 
arrangement, the preset code -ay be input srmpl, to the 

" ierOPrOC Th 0 e tl -"'roprocessor 114 is adapted to he 
triggered by the demand signal from the controller 200, 
nput to the microprocessor 114 through the antenna 
the analog switch 116, the detector circuit 1 
and the amplifier 120 serves as the trigger srgnal for 
the microprocessor. 2n response to the digger sr, , 1, 
t „e microprocessor 114 reads the preset unrgue code from 
Z memory 124 and sends a serial pulse-form unrgue code 
ignal indicative of the unigue code to a modulator 1 0. 
a! modulator 126 includes a crystal escalator 128 for 
generating a carrier »ave for the unigue code signal n 
the mod later 126, the unigue code s 19 nal and the farrier 
Tave are modulated into a radio signal in vhxch the 

B odulated radio signal is output through a buffer 129, a 
"fgh-freguency transistor 130 and a transmitter antenna 

1<>2 " T ' Another crystal oscillator 132 is connected to 
lh . microprocessor 114. The oscillator 132 may serve as 
a clock generator for feeding clock to the 
preprocessor ^ ^ ^ 

electric po»er is supplied to each component by a small, 
long-Hfe-type lithium cell 134 such as are used rn an 
electronic fetch. The microcomputer to be used for the 
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transmitter 100 is of the low- voltage CMOS type. The 
analog switch 118 and the amplifier 120 IC units are also 
chosen to be of the power-saving type. As a result, 
stand-by operation requires only about 4 to 5 mA. This 
means that the transmitter 100 can be used for about one 
year before replacing the lithium battery. 

As shown in Pigs. 4 and 5, the controller 200 
comprises a microprocessor 222 including an input/output 
interface, CPU, ROM, RAM, timer and so forth. The 
microprocessor 222 is connected to manual switches 202-D 
and 202-T. In the shown embodiment, the keyless entry 
system is designed to operate a door lock 300-D and a 
trunk-lid lock 300-T. Accordingly, the manual switch 
202-D is connected to operate the door lock 300-D and the 
manual switch 202-T is similarly operable when the trunk 
lid lock 300-T is to be operated. The manual switches 
202-D and 202-T are connected to the input terminals I g 
and I 1Q of the microprocessor 222. The manual switches 
202-D and 202-T are also connected to a switching circuit 
224 inserted between the output terminal 0 5 of the 
microprocessor 222 and a power supply circuit 226. 

The switching circuit 224 is also connected to 
a driver's door switch 228, passenger door switches 230, 
an ignition key switch 232, a door lock knob switch 234 
and a door-lock-detecting switch 236. The driver's door 
switch 226 detects opening and closing of the left-front 
door adjacent the driver's seat and is closed while the 
left-front door is open. The passenger door switches 
230, detects opening and closing of the right-front door 
and the rear doors. These switches 230 close when the 
corresponding door opens. The door switches are built 
and operated as conventionally utilized for door closure 
monitoring. Alternatively, it would be simpler to 
connect the switching circuit 224 to conventional door 
switches. 

The ignition key switch 232 is installed within 
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or near an ignition key cylinder and detects the presence 
of an ignition key in the key cylinder. The ignition key 
switch 232 is closed while the ignition key is within the 

key cylinder. 

The door lock knob switch 234 is responsive to 
a manual door locking operation by which the door lock of 
the driver's door is manually operated in the door- 
locking direction. The door lock knob switch 234 closes 
when the door lock knob is operated manually to perform 
door locking. The door lock detecting switch 236 detects 
the locking state of the door lock; specifically the 
switch 236 is closed while any of the door locks are 
unlocked and is open when all of the door locks are in 
their locking positions. 

The switching circuit 224 is responsive to 
closure of any one of the switches 202-D, 202-T, 228, 
230, 232, 234 and 236 to trigger the power supply circuit 
226 for a given period of time. The power supply circuit 
226 is active for the given period of time to supply a 
vehicle battery power to the various components of the 
controller circuit. In addition, 'the switching circuit 
224 is responsive to high-level output from the output 
terminal 0 5 of the microprocessor 222 to be held active 
and thus sustain operation of the power supply circuit 
226 as long as the high-level output continues. The 
switching circuit 224 deactivates the power supply 
circuit when the output level of the output terminal 0 5 

drops from high to low. 

The microprocessor 222 has input terminals in 
its input/output interface to be connected to the 
driver's door switch 228, the passenger door switch 230, 
the ignition key switch 232, the door lock knob switch 
234 and a door-lock-detecting switch 236. Also, the 
microprocessor 222 is connected to the steering lock 
detector 215c, the engine stop condition detector 215b 
and the vehicle speed detector 215a. 
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Output terminals 0 6 , 0 ? and O g of the 
microprocessor 222 are respectively connected to 
actuator relays 238, 240 and 242 via switching 
transistors Tr ]> - Tr 3 - The actuator relay 238 is 
associated with an actuator 302-T of the trunk lid lock 
300-T. The actuator relays 240 and 242 are associated 
with an actuator 302-D of the door lock 300-D. In 
practice, the actuator 302-D comprises a reversible motor 
which actuates the door lock 300-D to its locked position 
when driven in one direction and to its unlocked position 
when driven in the other direction. Two relays 240 and 
242 are adapted to reverse the polarity of power supply 
and thus switch the driving direction bf the reversible 
motor. For instance, when the relay 240 is energized, 
the reversible motor 302-D is driven in the door- 
unlocking direction. On the other hand, when the relay 
242 is energized, the reversible motor 302-D is driven in 
the door-locking direction. Therefore, the output level 
at the output terminal 0 ? goes high when the door is to 
. be unlocked and the output terminal Og goes high when the 
door is to be locked. 

In addition, the microprocessor 222 has 
another output terminal connected to a steering lock 
relay 302a-L and a steering unlock relay 302a-UL through 
switching transistors Tr4 and Tr5. 

The microprocessor 222 is programmed to 
execute a theft-preventive operation in response to a 
specific condition. For example, if the the door switch 
is closed while the door lock detecting switch is open, a 
theft-preventive alarm signal is output via the output 
terminal O g which is connected to an alarm actuator 244. 
In practice, the alarm actuator 244 may be connected to a 
vehicular horn to activate the latter in response to the 
theft-preventive alarm signal. This theft-preventive 
operation in keyless entry systems has been disclosed in 
the European Patent First Publication 00 73 068, 
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• *y 1003 The disclosure of this 
published on Ha . • herein lncorporatea 

:c °< £ »- - «-»•«•• ° n the ° tter , 

7 r TeTheft-preventive operation could be performed 
r^e Microprocessor by counts erroneous operations 
by the x theft-preventive 

" Uhi : " U which tn alarm i= generated after an 

ai sc" ed in the co-pending U. S. Patent »■**»"<. 
' f led on the same date b, the common applicant and 
^omy assigned to the assignee J 

s ; ITH kj— - — — — t::;; . 

co-pendxng 0. 8. ^ o£ aUclosute . 

eBbo diment are located near the door locks ^ ^he trun, 
i (a locks M an example, the antenna 206 D may oe _ 

• - -r rr a-:r^ in: 
:;ni::^:^d i r;indo U _ 4 o : - * ^ 

- applied » or printed on the rear windshield «... as 

shown in Fig. 8. ->n<;-n and 

As shown in Fig. 4, the antennas 206 D and 

210-D are coupled to transmit the demand signal S and 
eiv the unique code signal when the door lock 

30 co-Hs to he operated. The antenna 210-D is connected 

to a phase converter 217-D which shifts the phase of the 
ni j code signal received via the antenna 210-D through 
0°! in this embodiment, the antenna 210-D xs mounted on 
L seat back of a vehicle seat as illustrated xn Fx,. 7, 

35 instead of on the side door window pane. 

instead or connected to an 

The antenna 210-D is oio 


015'8;3'5*4' 


w 


15 


20 


- 17 - 


analog-to-digital converter (A/D converter) 211 through 
a high-frequency amplifier 213. The A/D converter 211 
outputs a digital signal S Rf indicative of the received 
signal level to the input terminal I 2 of the 
microprocessor 222. The A/D converter 211 is also 
connected to the output terminal 0 4 of the microprocessor 
222 and is gated by a trigger signal output through the 
output terminal 0 4 . Similarly, the antennas 206-T and 
210-T are coupled to transmit the demand signal to the 
transmitter 100 and receive the unique code signal in 
return when operation of the trunk lid lock is requested 
via the manual switch 202-T. The antenna 210-T is 
connected to a phase converter 217-T which shifts the 
unique code signal phase received by the antenna 210-T 

through 90°. 

The pairs of antennas 206-D, 210-D and 206-T, 
210-T are connected for input from a switching circuit 
246 through respectively corresponding high-frequency 
amplifiers 248-D and 248-T. The switching circuit 246 
selectively activates one pair of antennas 206-D, 210-D 
or 206-T, 210-T to transmit the demand signal S DM . For 
instance, when the manual switch 202-D is depressed to 
produce the demand signal S DM for operating the door lock 
300-D, the antennas 206-D and 210-D become active to 
25 transmit the demand signal to the transmitter. The 
signal phase of the demand signal transmitted through the 
antenna 210-D is shifted through 90° by means of the 
phase converter 217-D. On the other hand, when the 
manual switch 202-T is depressed, the switching circuit 
30 246 selects the antennas 206-T and 210-T. Similarly to 
the above, the demand signal S DM is thus transmitted to 
the transmitter through the antennas 206-T and 210-T and 
the signal phase of the demand signal transmitted through 
. the antenna 210-T is shifted through 90° by the phase 

35 

converter 217-T. 

The switching circuit 246 is connected for 
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• input from a modulator 252 via a switch terminal 258-Tr 
of a switching circuit 258. The modulator 252 is, in 
turn, connected for input from the output terminal 0 1 of 
the microprocessor 222. Similarly, the switching circuit 
' 250 is connected to demodulator 260 through a switch 
terminal 258-R of the switching circuit 258 and an 
amplifier 262. The switch terminals 258-Tr and 258-R are 
adapted to alternate so that when the switch terminal 
258-Tr is closed, the switch terminal 258-R is opened, 
" and when the switch terminal-R is closed, the switch 
terminal 258-Tr is opened. When the switch terminal 
258-Tr is closed, the controller 200 operates in 
transmitter mode to transmit the demand signal S,^. On 
the other hand, when the terminal 258-R is closed, the 
15 controller 200 operates in receiver mode to receive the 
unique code-indicative signal from the transmitter 100. 

The demodulator 260 is connected for output to 
the input terminal I x of the microprocessor 222. 

The switching - circuits 246 and 250 are 
20 connected to the output terminal 0 3 of the microprocessor 
222 The switching circuits 246 and 250 are operated in 
tandem to select one pair of antennas 206-D, 210-D or 
206-T, 210-T. For instance, the switching circuit 246 
connects the antennas 206-D and 210-D to the modulator 
25 vi a the switch terminal 258-Tr of the switching circuit 
258 when the door lock operating manual switch 202-D is 
operated. At the same time, the switching circuit 250 
connects the antennas 206-D and 210-D to the demodulator 
260 through the switch terminal 258-R and the amplifier 
262. Alternatively, when the trunk lid lock operating 
manual switch 202-T is operated, the switching circuit 
246 connects the antennas 206-T and 210-T to the 
modulator 252 through the switch terminal 258-Tr and the 
switching circuit 250 connects the antennas 206-T and 
35 210-T to the demodulator 260 via the switch terminal 
258-R and the amplifier 262. 


30 
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The modulator 252 is associated with en 
oscillator 254 which serves as a carrier-wave ^erator 
The modulator 252 Is triggered* the output at ^ the 
output terminal 6, of the microprocessor 222 to actuate 

*fcor 254 which then provides the 
the carrier-wave generator wm *r 

•^r wave. The modulator 252 
fixed-freguency came* wave. 

*w*a in accordance with the output 
modulates the carrier w**e m accoraan 

• -r O to qenerate the demand signal 
from the output terminal Oj. to 9 enet . 

•i.-. -came throuqh the selected pair o£ 
S_ M and then transmits *ame cnruugu 

o« c « oin n r ' 206-T, 210-T. The demodulator 
antennas 206-D, 210-D o- ' 

260 is adapted to septate the carrier wave component 
from the received unique code signal S CD so as to convert 
the radio signal into * binary signal representative of 
the unique code store* in the transmitter 100 The 
demodulator 260 applies th. encoded binary signal to the 
input terminal I, of th* microprocessor 222. 

The microprocessor 222 is triggered by the 
input at the input termini I, via the demodulator 260 to 
read a preset code, fro* a preset code memory 264 via a 
multiplexer 266. The -icroproc.ssor 222 compares the 

-+u fhe ^eset code read from the preset 
unique code with the p-^« ac 

code memory 264 to ju^e whether the transmitter 100 
identified by the unique code corresponds to the 
controller 20C and so is authorized to operate the 
vehicle devices,. The microprocessor 222 outputs a driver 
signal through .one of th** output terminals Og, 0 ? and 0 
corresponding *o the coated manual switch so as to 

aa^g vehicle device, i.e. door lock 
operate the corresponding veniWC 

u^n the unique code matches the 
or trunk lid lock, wh*« n " e Ulix% * 

preset code. . 

It would be convenient for the preset code 

memory 264 to boe an external memory connectable to the 

terminal of the multiplexer 266. In this case, the 

1^54 could be stored with the 

preset code memory 2*° 4 COUiU . 

• inn as a separate unit. The 
corresponding transmitted iuu -as t> 

n C A ^nd the transmitter 100 would be 
preset code menmory 264 s& na tne 
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added to the vehicle upon sale so that the separate 
memory-and-transmitter unit would not be separated from 
the etching controller. In practice, the preset . code 
memory is programmed by shorting some of a plurality of 
individual bit cells so as to have a binary output 
corresponding to the unique code. 

The switching circuit 258 is connected to the 
output terminal 0 2 of the microprocessor 222 through 
which a state change-over signal is output. The state 
change-over signal is indicative of whether the system is 
transmitting the demand signal or receiving the unique 
code- indicative radio signal from the transmitter 100. 
in practice, the microprocessor 222 keeps the switching 
circuit 250 in the transmitting state for a given period 
of time in response to depression of one of the manual 
switches. Thereafter, the microprocessor 222 then 
switches the switching circuit 250 to the receiving 
state. Similarly to the switching circuit 246, the 
switching circuit 250 is connected to the output terminal 
0 of the microprocessor 222 to activate one of the 
antennas 210-D and 210-T according to which manual switch 

was depressed. 

As will be seen from Fig. 3, the door switches 
228 and 230, the ignition key switch 232, the door lock 
knob switch 234 and the door lock detecting switch 236 
are respectively connected to the microprocessor 222 
through input terminals I 4 , Ig, I 7 » I 8 and T 5' 

Figs. 9 to 14 show construction of the steering 
lock device which can be operated by the shown embodiment 
of the keyless entry system according to the present 
invention. The steering lock device generally comprises 
a steering lock motor 502 associated with a reduction 
gear assembly 504, and a rotor 508. The rotor 508 has a 
cam section 510 associated with a hunger 512 for 
vertically operating the latter. The hunger 512 is 
normally biased downwardly by means of a coil spring 514. 
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A hollow space 516 is defined in a housing 518 of the 
steering lock device. A steering lock motor control 
circuit is housed in the hollow space 516 for controlling 
operation of the steering lock motor. The steering lock 
motor control circuit may include the steering lock relay 
302a-L and the steering unlock relay 302a-UL. The 
steering lock relay 302a-L and the steering in lock relay 
302a-UL are arranged to change polarity of power supply 
for the steering lock motor 502 to drive the latter in 
locking and unlocking direction. 

The hunger 512 is connected with a locking rod 
518 which is opposes a locking recess 520 formed in a 
steering shaft 522. The locking rod 518 has a bifurcated 
leg sections 518a through which it engages to the hunger 
15 512 for vertical movement toward and away fr.om the 
locking recess 520 together with the' hunger. -As set 
forth above, the cam section 510 is placed in contact 
with the hunger 512 to operate the latter together with 
the locking rod 518. According to rotation of the rotor 
20 508 as driven by the steering lock motor 502, the hunger 
512 and the locking rod 518 moved vertically as shown in 
Figs. 12A to 12C. As will be appreciated, the hunger 512 
is placed at the lowermost position in which the locking 
rod 518 engages the locking recess 520 of the steering 
25 shaft 522 for preventing the latter from rotating. On 
the hand, at the position of Fig. 12C, the hunger 512 
with the locking rod 518 is positioned at the uppermost 
position. At this position, the locking rod 518 is 
positioned away from the locking recess 520 to allow free 
30 rotation of the steering shaft 522. 

Though the specific construction of the 
steering lock device 302a has been disclosed hereabove 
for the sake of disclosure, the steering lock device is 
not necessarily specified to the shown construction. 
35 Especially, though the shown construction will have one 
or more specific angular points to establish locking, it 
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would be possible to modify the steering lock mechanism 
in various manner for locking at any angular position of 

the steering shaft. 

Fig. 14 shows an example of the steering lock 
detector 215c. As will be appreciated herefrom, the 
detector 215c is provided adjacent the rotor 508. A 
parmanent magnet 215d is mounted on the outer periphery 
of the rotor 508. The steering lock detector 215c is a 
kind of proximity switch detective of the magnet 215d 
adjacent thereto. The magnet 215d is so arranged on the 
periphery of the rotor 508 as to be placed adjacent the 
detector 215c when the rotor 508 is placed an angular 
position of Fig. 12A. The detector 215c is adapted to 
produce High-level steering lock condition indicative 
signal when the locking engagement, between the locking 
rod 518 and the locking recess 520. is established. On 
the other hand, the steering lock condition indicative 
signal is maintained low level as long as the locking 
engagement between the locking rod 518 and the locking 
recess 520 is not established and thus the detector 215c 
is positioned away from the magnetic 215d. 

Fig. 15 illustrates? the operation of the 
transmitter 100 in the form of a flowchart for a program 
executed by the microprocessor 114. The microprocessor 
114 repeatedly executes the program of Fig. 9. An 
initial block 1002 checks for reception of the demand 
signal SDH. Execution of the block 1002 loops until the 
demand signal SDM is received through the antenna 102. 
Upon receipt of the demand signal SDM at the block 1002, 
control passes to a block 1004. In the block 1004, the 
preset unique code is read from the code memory 124. At 
a block 1006, a carrier wave produced by a carrier-wave 
generator 128 is modulated by the unique code signal 
generator 106 in accordance with the retrieved code to 
produce the unique code signal. The modulated unique 
code signal SCD is then transmitted through the antenna 
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102 to the controller 200 mounted on the vehicle. As set 
forth above, according to the shown embodiment, the 
transmitter 100 is designed to consume minimal electric 
power, particularly during stand-by operation at the 
block 1002. This minimizes the drain on the battery and 
thus prolongs its life time. 

Figs. 16 to 22 show control program to be 
executed by the' microprocessor 222 of the controller 200. 
Pig. 16 shows a flowchart of a main routine to be 
executed by the microprocessor 222, as a background D ob. 
The main routine of Fig. 16 is adapted to govern 
selection of various subroutine to be executed. Fig. 17 
is a flowchart of a first subroutine to be triggered m 
response to opening of the door. Fig. 18 is a flowchart 
of a second subroutine to be executed in response to 
operation of the manual switch 202-D. Figs. 19 and 20 
show a sequence of a third subroutine to be triggered in 
response to closing of the door as detected by the 
driver's door switch 228. Fig. 21 is a flowchart of a 
fourth subroutine to be triggered by operation of the 
manual door lock knob. Fig. 18 shows an interrupt 
program to be executed in response to opeation of one of 
the driver's door switch 228, the passenger door switch 
230, the ignition key switch 232, the door lock knob 
switch 234 and the door lock detecting switch 236. 
Therefore, the interrupt program of Fig. 22 is triggered 
in response to LOW-level input at the input terminal 14. 

The microprocessor 222 is also provided with a 
conventional interrupt register 222-2 consisting of 
flags indicative of occurrence of triggering inputs at 
each the input terminals I 4 , I 10 , I 5 , I 8 and I g in order 
of priority or occurrence of input. The contents of the 
register 222-2 are checked in sequence during execution 
of the main program following the end of each sub- 
routine. For instance, when the driver's door is closed, 
the input level at the input terminal goes low the 
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interrupt flag in register 222-2 corresponding to the 
input terminal I 4 is set. This interrupt signalling 
method is per se well known and can be carried out in 
various ways. For example, as used in the preferred 
embodiments, interrupts may be either maskable, i.e. 
delayable until some other process is completed, or 
nonmaskable, i.e. triggering immediate execution of an 
associated routine in preference to all other operations. 

Similarly, when the door lock operating manual 
switch 202-D is operated, the input level at the input 
terminal I 1Q changes from high to low. Then, the 
corresponding flag in the register 222-2 is set to 
reflect the triggering change in input level at the input 
terminal I 1Q to signal execution of the second sub- 
routine. When the driver's door is opened and the door 
lock is operated to the locking position in preparation 
to locking the door, the door lock detecting switch 236 
closes and the output signal from a series-connected AND 
gate 272 goes low. Thus, the input level at the input 
terminal I 5 goes low, where upon the third sub-routine of 
Fig. 13 is executed. When the door lock is manually 
unlocked, the door lock knob switch 234 closes to change 
the input level at the input terminal I fl to the low 
level. Then, the fourth sub-routine of Fig. 17 is 
executed in response thereto. When the all of the doors 
are locked and thus the door lock detecting switch 236 
closes, the input level at the input terminal 0 g goes low 
to trigger the fifth sub-routine. 

Concerning Fig. 12, at a block 2101 of the main 
program, the register 222-2 is checked to see if an 
interrupt request has been received via the input 
terminals ^-I^- *f so ' one of the sub-routines in 
Figs. 11 to 15 is selected and executed at a block 2102 
in accordance with the states of the flags in register 
222-2. 

After completing execution of the designated 
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sub-routine the flag of register 222-2 corresponding to 
that routine is reset at a block 2103 and then, the 
contents of the interrupt register 222 are again checked 
at a block 2104 for later or lower priority interrupts 
requests yet to be handled. Thereafter/ at a block 2105/ 
control returns to block 2101 if there are any interrupt 
flags still set, indicating a request to execute another 
of the subsidiary routines illustrates in Figs. 11-16. 
The loop 2101-2105 is repeated until there are no further 
flags set in interrupt register 222-2, whereupon the 
interrupt control program ends following block 2105, and 
control of the microprocessor 222 returns to its main 
program or operating system at the point following that 
at which the program of Fig. 16 interrupted execution. 

The operation of the controller 200 during 
execution of each of the sub-routines of Figs. 18 to 22 
will be described in detail below. 

Fig. 17 shows the . first sub-routine to be 
executed when the driver's door is opened. Immediately 
after starting execution, the demand signal is produced 
and transmitted through the antennas 206-D and 210-D, at 
a block 2201. In order to select the antennas 206-D and 
210-D, the output level at the output terminal 0 3 remains 
low to connect the antennas 206-D and 210-D to the 
modulator 252 via the switch terminal 258-Tr of the 
switching circuit 258. At the same time, in order to 
operate the controller in the transmitter mode, the 
output level at the output terminal 0 2 is held low to 
close the switch terminal 258-Tr and open the switch 
terminal 258-R. In response to a high-level output at 
the output terminal 0^ the modulator 252 is triggered to 
produce the demand signal S DM to be transmitted through 
the antennas 206-D and 210-D. 

In response to the demand signal S DM , the 
transmitter 100 becomes active to execute the foregoing 
program of Fig. 15 to transmit the unique code signal 
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A block 2202 which checks for the unigue code 
•. r .™teolv performed until the signal S CD 
Si9 " al £a Z : execution of the block 2202, the 
18 ieCe , !l at the output terminal 0 4 is held hi 9 h to. 
"T'te the ^converter 211. After the unique code 

22 03. Ih value ^J. „ Qf the amplitu ae of 

A/D converter 211 and rep Thereafter, the 

n,» received unique code signal. me 

the recei , is stored in an appropriate 

r^rrrr : 220. — . 

erecuted in Response to a "^"£^7— 

Tjrjzzzz r.cution - «. 
• — r '-g^et rr£ 

register 274 ^ oontrollet ls 

disabled and is reset as » 
enabled. If the disabling flag FL is 
checked at the block 2301, the routine of Fig. 18 
™!diately Mid control returns to the main program. 
1Media L the other hand, if the disabling flag FI, 

is r eset when checked at * 

• n< Hon key (mechanical key) in the Key cy 
an ignition Key \ practice, the 

. •„ «Ho^kf»d for at a blocK 2ju^. •»•» r 
shown) is checked tor a cv iinder is 

presence of the ignition key in the key cylm 
* » L by a high-level input at input terminal I ? 
indicated by a nig 

to the ignition key switch 232. n « 
connected to the ig . h indica ting that 

level at the input terminal I 7 is nign, 
! -nnition key is in the key cylinder, the user is 
a :fto be in the vehicle. In this case, keyless entry 
SSlI is not to be performed and thus, control 
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returns directly to the control program. 

in the absence of the ignition key from the key 
cylinder the demand signal S DM is transmitted at a block 
2303 in substantially the same manner as described with 
respect to the block 2201 of the first sub-routine. As 
set forth above, the transmission of the demand signal 
S continues for a predetermined period of time. The 
period for which the controller 200 remains in 
transmitter mode is defined by a timer 276 in the 
microprocessor 222. After the predetermined period of 
time expires, the output level at the output terminal 0 2 
changed from low to high in order to open the switch 
terminal 258-Tr and to close the switch terminal 258-R. 
As a result, electrical communication between the 
switching circuit 246 and the modulator is' blocked and 
the switching - circuit 248 establishes electrical 
communication between the demodulator 260 and the latter. 
This switching procedure for switching the operation mode 
of the controller 200 may also be used in the foregoing 
first sub-routine and the subsequent third and sixth 
routines which will be discussed later. 

After switching the operation mode of the 
controller from the transmitter mode to receiver mode, 
reception of the unique code signal S CD from the 
transmitter is checked for at a block 2304. This block 
2304 is repeated until the unique code signal S CD is 
received. 

In practice, if the unique code signal S CD is 
not received within a given waiting period, the keyless 
entry system would be reset to prevent endless looping, 
in this case, a theft-preventive counter may be 
incremented by one and an alarm may be produced when the 
counter value reaches a given value. 

Upon reception of the unique code signal S CD at 
the block 2304, the preset code is retrieved from the 
code memory 264 through the multiplexer 266 at a block 
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2305 The received unique code is compared with the 
1 a r a block 2306. If the unique code does not 
^Ittrpreset when compared in the block 2306, 

k r/ft Preventing counter may be incremented by 
then the ^ control re turns to the main 

^ " 5 on he hand, if the unique code matches 

program. On the other ^ ^ ^ 

^ ^ J^T.tT«U 2307 to see if the door 

™ d or un^ed. If the input level at the input 

T I is still high, indicating that the door is m 
terminal I 9 is still g i , ^ 24Q 

locked, the control signal is then unlockin g 

^ • ^ reversible motor 302-D in tne 

to a.m the rever ^ ^ ^ 

checked at tne ^ reversible motor 

energized at a block 2309 to drive the revers 

302-D in the locking Erection ± 
After executing of the block , 
f he fifth sub-routine illustrated m Fig. 22. 
passes to the fifth su . itial bloC k 2501 checks 

In the fourth sub-routine, an ^ tial bl , 
to see if any of the the doors are open In pr 
ko done bv checking the input levels 
this can be done by c ^ at ^ 

inpu t terminals I, and gating that 

input terminals I 4 and l fi ^ a 

block MM. , i M*«* 'J block 2302 of the 

the key cylinder is checked u ^ 

second subroutine ot ,19. 18. M 9 ^ ^ 

the key cylinder when checked * ^ ^ 

relay 240 is ener gl zed to drive 

3 oa- D in the unXockin, d = cheoked at 

other hand, if none or the door « P 

the block *01 or « the 9 nition k k.y U ^ ^ 

cylinder when checked at cne 

returns to the control program. 
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Fig. 20 and 21 show the third sub-routine which 
is executed when the driver's door is closed and locked. 
Kt the initial stage of execution of the third sub- 
routine, the presence of the ignition key in the key 
Under is checked for at a .block 2401 in substantial! 
t same manner as described with respect to the bloc 
2302 of the second sub-routine of Fig. 18. If the 
ignition key is there, the demand signal S DM is 
fitted to the transmitter 100 for the 
period of time, at a block 2402. Then, reception erf the 
unique code signal S CD is checked for at a block 2403. 
2 The same time, the^/O converter 211 is triggered via 
the output terminal 0 4 of the microprocessor. After the 
the outp 4 d t the blOG k 2403, the 

unique code signal S CD is oetecte 

input value V, at the'lnput terminal I, is read » at . 
block 2404. ?he input value at the input terminal I, a 
representative of. the signal amplitude of the unique code 
signal. At subsequent block 2405, the amplitude 
indicative value V, is stored in an appropriate memory 
block in RAM. The signal amplitude indicate values V s 
and V B are retrieve and processed to derive their 
absolute difference 4V, which is then compared to a 
reference value V re£ at. a block 2406. If the difference 
aV is less than or equal to the reference value V„ f , 
then the alarm signal is produced to trigger the alarm 
actuator 244. at a block 2407. After execution of the 
block 2409 or in cases where the difference S V is greater 

i T7 4- timer 276 is reset and 
than the reference value V ref , the timer z * 

restarted at a block 2408. Elapsed time is checked 
repeatedly at a block 2409 for a given period of time. 
Thereafter, the demand signal S DM is transmitted to the 
transmitter once again, at a block 2410. Subsequently, 
reception of the unique code signal S CD from the 
transmitter 100 is checked for at a block 2412 following 
another time check at a block 2411. In practice, the 
block 2411 checks the elapsed time following transmission 
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of the demand signal S DM - Blocks 2413 and 2414 loop 
until the unique code signal is detected or a 
predetermined time limit elapses. In the latter case, 
control passes from block 2411 back to the control 
program. On the other hand, if the unique code signal is 
received within the time limit, then the disabling flag 
FL is set at a block 2413. As set forth with 

reference to the second sub-routine of Fig. 18, setting 
the disabling flag FL DSEQ disables the keyless entry 
system. 

Fig. 13 shows the third subroutine which is 
executed in response to the driver's door is closed and 
locked. At the initial stage of execution of the third 
subroutine, the steering lock indicative signal from the 
steering lock detector 215c is checked at a block 2501. 
When the steering lock indicative signal is held LOW 
level and thus the steering lock device in unlocking 
state is recognized as checked in the block 2501, the 
demand signal SDM at a block 2502. The demand signal SDM 
is maintained for a given period of time and terminated 
after expiration of the given period of time. Then, 
reception' of the unique code signal SCD from the 
transmitter 100 is checked at a block 2503. At the same 
time, the A/D converter 211 is triggered via the output 
terminal 04 of the microprocessor 222. After the unique 
code signal SCD is detected at the block 2503, the input 
value VB at the input terminal 12 is read in at a block 
2504. The input value at the input terminal I 2 is 
representative of the signal amplitude of the unique code 
signal. At subsequent block 2505, the amplitude 
indicative value V fi is stored in an appropriate memory 
block in RAM. The signal amplitude indicative values V R 
and V B are retrieve and processed to derive their 
absolute difference AV, which is then compared to a 
reference value V ref at a block 2506. If the difference 
AV is less than or equal to the reference value V ref , 
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the „, process returns to the ..In routine If aesired. 

in advance of returning to the main routine, the alarm 

244 may be triggered to produce an alarm. 

On the other hand, when the difference AV is 

9 reater than the reference value V Iet , the preset code is 

!ead out at a block 2507. The read out preset : code is 
compared with the input unique code at a block 2508. I 
tTblcok 2508, judgement is made if the input unigue 
code matches the preset code. Vhen the Input unigue code 
does not matches the preset code, process returns to the 
„ain routine. ^ ^ ^ ^ ^ ^ ^ co3e 

etches the preset code as compared in the block 2508, 
r» "ethfcle speed indicative signal from the vehicle 
speed detector is checked to make judgement if the 
vehicle is stopping, at a block 2509. When the vehicle 
Is running and thus the vehicle speed indicative signal 
h ave a value representative of a vehicle 
zero, then process returns to the main routine. 

natively, when the vehicle speed indicative sign 
V alue shows that the vehicle is stopping as check* I at 

signal from the engine stop condition detector 215b is 
checked at a block 2510. If the engine is ™* 
tbus the engine drive condition indicative s.i,nal hav a 
value representing engine running condition conditron, 
the process returns to the main routine. 

Alternatively, when the engine stopping is 
detected as checked at the block 2510, drive signal or 
energizing the steering lock relay 302a-L is output at a 
block 2511. By energization of the steering lock relay 
3 2a-L, the steering lock motor 502 is driven in steering 
iocking direction to establish locking «9age-ent 
between the locking rod 518 and the locking recess 520 of 

the steering shaft 522. 

After operating the steering lock device to 
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establish steering locking, the process returns to the 

main routine. 

On the other hand, when the steering locking 
state is detected as checked at the block 2501, then 
process does to a block 2512 to output the demand signal 
SDM. Similarly to the foregoing block 2502, the demand 
signal is maintained for the given period of time and 
terminates when the given period of time expires. 
Reception of the unique code signal SCD is checked at a 
block 2513. When reception of the unique code signal is 
detected as checked at the block 2513, the preset code in 
the controller is read out at a block 2514. The read 
preset code and the input unique code are compared to 
each other for making a judgement whether the input 
unique code matches the preset code, at a block 2515. If 
the input unique code does not match the preset code, the 
process returns to the main routine. Alternatively, when 
the input unique code matches the preset code, a control 
signal is fed to the steering unlock relay 302a-UL to 
drive the steering lock motor 502 in steering unlocking 
direction to release locking engagement between the 
locking rod 518 and the locking recess 520 on the 
steering shaft 522 at a block 2516. After this 
operation, the process returns to the main routine. 

Fig. 23 illustrates the sixth sub-routine 
which is to be executed in response to a low-level input 
at the input terminal I n caused by depression of the 
trunk lid lock operating manual switch 202-T. As in the 
foregoing second sub-routine of Fig. 12, the first block 
2701 checks the disabling flag FL DSEB - If the disabling 
flag FL is set, control returns to the control 

program. On the other hand, if the disabling flag FL DSEB 
is reset, the demand signal S DM is transmitted for the 
predetermined period of time, at a block 2702. At the 
block 2703, reception of the unique code signal S CD is 
checked for repeatedly. If the unique code signal is 
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received, the preset code is retrieved from the code 
memory 264 , at a block 2704. The unique code is compared 
to the preset code at a block 2705- If the unique code 
matches the preset code, the control signal is fed to the 
relay 238 to energize the latter to actuate the trunk lid 
lock actuator 302-T to unlock the trunk lid lock 300-T, 
at a block 2706. Otherwise, control returns directly to 
the control program. 

Fig. 24 illustrates an interrupt signalling 
routine triggered by a high-level input at input terminal 
I 3 . This routine consists of a single block 2801 in 
which the interrupt register flag corresponding to the 
triggering input source is set. Note that some 
conditions triggering a high-level input may not have 
corresponding interrupt flags. In practice, this routine 
may be performed automatically by hard-wired 
connections. 
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WHAT IS C LAIMED IS^ 

f* A keyiess entry system for an automotive 

vehicle for operating various vehicle devices including a 
door lock and a steering lock, comprising: 

a portable wireless transmitter adapted to 
transmit a unique code indicative signal encoded to carry 
a preset unique code stored in said transmitter? 

actuators, each associated with corresponding 
vehicle devices for operating the latter to desired 
state, said actuator including a steering lock actuator 
associated with said steering lock for operating the 
latter between a locking state and an unlocking state; 

manual switches, each adapted to trigger said 
controller for signalling said keyless entry system to 
operate a corresponding one of said vehicle devices; 

a first detector for detecting door close 
position for outputting a first detector signal; 

a detector adapted to detect a predetermined 
steering lock condition to output a second detector 
signal when said steering lock condition is detected; 

a third detector for detecting whether or not a 

vehicle door or doors is closed; 

a fourth detector for detecting whether or not 

said door lock is locked; 

a controller mounted, on the vehicle and adapted 
to transmit a demand signal for triggering said 
transmitter and receiving said unique code indicative 
signal, comparing the received unique code with a second 
preset code, and producing a control signal a control 
signal to operate at least one of said actuator only when 
the received unique code matches said second preset code 
said controller is responsive to said first and second 
detector signal to transmit said control signal to said 
steering lock actuator for performing steering locking 
and unlocking operation; and 

a disabling means which becomes active when the 
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vehicle door is closed and the aoor lock is £ 
responaing, when active, to reception of said unique 
^indicative signal for a perioa of time longer then a 
^determined period of time to dlsabi, operation o f aid 
controller, saia disabling means detecting the presence 
of a user in the vehicle and remaining inactive when the 
presence of a user in the vehicle is detectea. 

The keyless entry system as set forth in claims 
l'. which further comprises a manual operation mechanism 

sociated with said aoor lock for allowing man 
operation of said aoor lock between locking and unlocking 

states. 

3 The keyless entry system as set forth in 
claim 2, which further comprises a detector detecting 
manual' operation of said manual operation mechanism to 
the locking position. 

4 The keyless entry system as set forth in claims 
l' wherein said disabling means produces an alarm after 
e plr ion of a first given period of time following 
p Lotion of saia node-indicative radio in 

said second demand signal and then produces said 
oisabling signal after expiration of a second given 
period of time thereafter. 

5 The keyless entry system as set forth in 
claim 4, wherein, said second given period of time is 
substantially longer than said first given period of 
time. 

6 Ihe keyless entry system as set forth in 
claim 5, wherein the difference between said first and 
second given periods of time is Ion, enough to allow the 
7„to operate said manual switches again and to remove 
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' said transmitter fromthe vehicle. 

lf „hich further <=-;^- v 1 L "presence of - 
»«*— S ?f k 'tlinder when «" H»*U. k " 18 

- - r r r - - - 

disabling means. 

pt oauce= a 1 °* £ ^ l9 „ lti „ k .y U 

U said rgmtion key cy key _ ln aicatl« signal - 

controller is response to «M » ^ 
a „a operation of said manual ..itches 
keyless entry system. 

0 

X„e seyless entry system as set forth any one 
9 - , t o 8 wherein saio seoond detector is 

of in claims 1 to 8, vherei orodaces sa ld second 

active of an en 9 ine stopp rn ^ -« 
detector signal »hen engine stopping 

" , , .„trv system as set forth in any 

Th e eyies ent y sy ^ ^ 

« ° £ ° lai ; 1 " le stopping and produces said second 
aetective of a vehicle stopp J , ^ „ 

detector signal whe 

30 detected, 

» rtTTi a e set forth in any 
~ ^ -/second detector is 
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12. 


The keyless entry system as set forth in any 


one of claims 1 to 8, wherein said controller as 
triggered for performing steering locking and unlocking 
operation, transmits a demand signal to said transmitter 
and compares the unique code transmitted from said 
transmitter with said preset code for enabling said 
steering locking and unlocking operation only when said 
unique code matches said preset code. 
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